Background. Prolonged invasive mechanical ventilation (IMV) is a frequent challenge, and an increasing number of patients are transferred from intensive care units to long-term acute care hospitals or specialized weaning units. There are few published data for discharge home rates, use of noninvasive ventilation (NIV), or long-term survival. Methods. A case-note and database review was conducted of patients admitted to a UK national specialized weaning unit for weaning from IMV between 1992 and 2012. Patients were grouped into diagnostic categories according to the predominant cause of weaning failure. Weaning outcomes and long-term survival were assessed according to diagnostic group and mode of ventilation on discharge. Results. Four hundred and fifty-eight patients were transferred for weaning from IMV. Four hundred and seventeen (91%) survived to hospital discharge, of whom at least 343 (82%) were ultimately discharged to their own home. Three hundred and thirty (72%) weaned from IMV, of whom 142 weaned from all ventilation and 188 weaned to nocturnal NIV. Weaning success was highest for patients with chronic obstructive pulmonary disease and chest wall disorders. Median survival from unit discharge was 25 months (interquartile range 5-74), with the longest survival seen for patients discharged with nocturnal NIV [37 (12-81) months]. Conclusions. These results confirm successful weaning outcomes for patients transferred to a specialized weaning and long-term ventilation service. In contrast to other service models, most patients achieved discharge to their own home.
with continued ICU care because of their lower staff-to-patient ratios. 2 9 However, the results of a recent meta-analysis of 124 studies by Damuth and colleagues 10 showed concerning variation in patient outcomes; hospital mortality was 26%, and only 22% of patients were discharged home. Worse outcomes were seen for patients treated in the USA than in the UK; better outcomes were seen for patients treated in specialized weaning units. 10 The authors concluded that patient selection was likely to account for such variation, proposing that US patients with a poor prognosis may be more likely to be intubated, proceed to tracheostomy, and continue IMV than patients treated elsewhere. The implication is that variation in outcome could be reduced by better patient selection for intubation and via earlier withdrawal of life support for patients considered to be less likely to survive or achieve discharge home. However, the meta-analysis did not provide patient-level data to confirm the assumption around patient selection, nor did it assess outcomes according to the methods of weaning used. Here, we present the results of a consistent approach to weaning that overcomes this aspect of variation. The patients are well documented and have long follow-up, with accurate discharge and survival data. The data show referral trends and outcomes throughout the 20 yr in which the organizational model has been in place.
Methods

Service infrastructure
The Respiratory Support and Sleep Centre (RSSC) at Papworth Hospital, Cambridge, UK has provided a national specialist weaning service since 1992 and aims to discharge patients home with the maximal possible independence from ventilatory support.
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The service infrastructure is consistent with current National Health Service (NHS) specialist weaning specifications. 12 It comprises a team of respiratory physicians, nurses (usually 1:2, with variation according to patient need), and physiotherapists with a specialist interest and skills in weaning and home ventilation. It is also supported by hospital-wide services, including dietetics, speech therapy, and occupational therapy.
Patients
All patients who have required prolonged IMV are accepted for transfer, providing that they are otherwise clinically stable at the time of transfer. Referrals are not declined because of any perceived inability to wean. The patient group therefore comprises individuals who are considered 'unweanable' in their referring ICU; they have survived the acute pathology but remain in single-organ respiratory failure. For example, we are unable to accept patients with haemodynamic instability or a need for daily renal replacement therapy until these issues have resolved. However, patients with progressive neuromuscular conditions are accepted, whereas these were excluded from analysis by Damuth and colleagues 10 on the grounds of expected poor prognosis. In the UK, there is a separate spinal cord injury service, so patients with high-spinal pathologies are not routinely referred to our service. Patients were grouped according to the primary diagnostic cause of weaning failure, specifically neuromuscular disorders (NMD), chronic obstructive pulmonary disease (COPD), postsurgical (PS), non-chronic obstructive pulmonary disease (COPD) respiratory disorders (RESP), chest wall disorders (CWD), and others.
Weaning from IMV
On transfer, the medical problems leading to weaning failure are reviewed and management is optimized where possible. Invasive mechanical ventilation is continued, and increased if necessary, to normalize arterial carbon dioxide concentrations (Pa CO2 ) before weaning is attempted. Noninvasive ventilation (NIV) is considered in each patient as a bridge to ventilatory independence and as a possible destination treatment.
Weaning consists of daytime periods of unsupported spontaneous breathing. 11 When possible, the tracheostomy cuff is deflated and a speaking valve used to encourage communication. This weaning method is applied by a specialist nursing and physiotherapy team, skilled in tracheostomy management and in the application of NIV to enable the gradual withdrawal of IMV. There is a daily consultant ward round. Weaning success is defined as unit survival plus liberation from IMV to self-ventilation (SV) or nocturnal NIV, in line with international consensus. 13 After successful weaning, continued rehabilitation is often needed before discharge home. This is delivered within our unit, although external transfer is sometimes required. Transfer to ICU is occasionally necessary if a temporary escalation of care is required or to await a local community care package in the event of weaning failure.
Data collection
After institutional approval, data were obtained from an electronic database, cross-referenced to a retrospective review of Papworth Hospital medical case notes. All patients transferred for weaning between January 1, 1992 and December 31, 2011 were included. Survival status as of December 31, 2014 was recorded using the NHS Summary Care Record application. Thus, confirmed survival data were available for a minimum of 3 yr after weaning unit admission.
Statistical analysis
Data were analysed using IBM SPSS Statistics version 23.0 (Chicago, IL, USA). Categorical data are presented as a number and percentage. Continuous data are presented as the mean (SD) or median and interquartile range (IQR) when not normally distributed. Normal distribution of the data was tested using the Shapiro-Wilk test. Differences between groups were tested using the Wilcoxon rank sum test for non-normally distributed data. Logistic regression was used to investigate the relationship between factors. Kaplan-Meier survival curves were calculated from the date of weaning unit discharge, with censoring
Editor's key points
• There are few data on long-term outcomes in intensive care unit patients who require prolonged mechanical ventilation.
• In this study of patients referred to a specialized weaning unit throughout a 20 yr period, a high proportion survived to hospital discharge, and 75% returned home.
• Almost one-third of patients were weaned completely from ventilatory support, and a further 41% required nocturnal ventilation only.
• These results show better long-term outcomes than previously reported.
on December 31, 2014. The log-rank test was used to compare survival between categorical groups. A P-value of <0.05 was considered statistically significant.
Results
Patient characteristics
Four hundred and fifty-eight patients were transferred, of whom patient characteristics data were available for 457 (Table 1) . On weaning unit admission, 422 (92%) of all patients were 24 h IMV dependent, with the remaining 36 (8%) requiring at least nocturnal IMV but already achieving some daytime periods of SV. Median Pa CO2 was 9.9 (7.6-13.2) kPa on weaning unit admission. Most patients were transferred from an ICU external to Papworth Hospital (n¼417; 91%).
Weaning unit outcomes
Weaning success and survival Four hundred and seventeen patients (91%) survived to unit discharge, and outcome data were available for 416. Weaning from IMV was achieved in 330 patients (72%); 188 (41%) weaned to nocturnal NIV, and 142 (31%) weaned to SV on discharge. Eighty-six (19%) patients failed to to wean from IMV, and 40 (9%) patients died within the unit (online-only supplementary Fig.  S1 ). Median Pa CO2 for all patients on discharge was 6.1 (5.4-6.8) kPa (P<0.001 compared with unit admission). Noninvasive ventilation was used during the weaning process in 72% of patients alive at discharge. Data with respect to mode of ventilation on discharge are shown in Table 2 .
Length of stay and discharge location Median weaning unit length of stay was 27 (16-49) days, although it was longer for patients who failed to wean (P¼0.002; Table 2 ). Of the 418 patients who survived to unit discharge, 343 (82%) ultimately achieved discharge to their own home; this represents 75% of all patients transferred for weaning (Table 3) . A further 48 patients (12%) required long-term institutional care, and accurate discharge location could not be verified for 25 (6%) patients.
Factors associated with weaning outcomes
Weaning outcomes varied according to diagnosis (Fig. 1) . Weaning success (nocturnal NIV or SV) ranked as follows: CWD (88.5%), COPD (88%), PS (68%), RESP (64%), and NMD (63%). Patients with NMD experienced low unit mortality rates (4%) but the highest rate of weaning failure (33%), typically as a result of severe bulbar dysfunction. Controlling for age, patients with COPD had significantly lower odds of continued IMV or death compared with all other diagnostic groups except CWD (P¼0.001).
There was a higher rate of weaning success (nocturnal NIV or SV) for females (79%) than males (67%, P¼0.007), but no association was seen for age or ICU length of stay. For patients with ICU stays >40 days, weaning success was 78%, in comparison to 66% for patients transferred after 40 days.
Long-term survival
Survival from weaning unit discharge at 1, 3, and 5 yr was 65, 41, and 29%, respectively, and varied according to diagnosis (Fig. 2) and mode of ventilation on discharge (Fig. 3) Of patients who were transferred to an external ICU (n¼58), 21 continued to require institutional care (hospital or care setting). For this subgroup (5% of all patients transferred), post-weaning unit survival was only 0.7 (0.2-3) months and therefore most in keeping with in-hospital mortality.
Long-term survival was inversely associated on univariate analysis with age, but was not associated with sex or weaning unit length of stay. However, a weaning unit length of stay >40 days was associated with a reduction in long-term survival (P¼0.04). 
Five year trends
Outcomes were assessed in four 5 yr cohorts between 1992 and 2011. Age, sex, and location of ICU care (external vs internal) did not differ over time. However, the case-mix changed; patients with NMD or COPD represent 59% of all transfers (range 56-60% across cohorts) and proportions remained similar. From 1992 to 2011, the postsurgical group increased (from 7 to 21% of all transfers) and the chest wall group decreased (from 16 to 3%). 
Discussion
Patients who require prolonged IMV consume significant ICU resources, and many die in hospital. 2 3 We show that external transfer to a specialized weaning unit can achieve high levels of weaning success (72%) and satisfactory long-term outcomes. At 1 yr, 65% of our patients were alive compared with 27-41% for other service models. 10 In line with the inclusion criteria of Damuth and colleagues, 10 all patients had required continuous IMV for >14 days, a tracheostomy for >96 h, or both. We received 91% of all patients from external units. At the time of transfer, 92% of patients required continuous IMV. We optimized gas exchange before weaning, often by initially increasing ventilation. Median Pa CO2 improved from 9.9 kPa on admission to 6.1 kPa on discharge, suggesting that suboptimal ventilation might have contributed to weaning failure before transfer.
With resolution of the acute episode, most ICU patients experience rapid and complete liberation from all ventilatory support. In contrast, weaning success after prolonged IMV includes continued nocturnal NIV 13 to reflect the prevalence of chronic ventilatory co-morbidities in this patient group. Within our service, we use NIV to facilitate decannulation for patients with limited respiratory reserve. In the event of continued ventilatory failure after decannulation, we continue nocturnal NIV on discharge in keeping with evidence of benefit for selected patients with chronic ventilatory failure attributable to neuromuscular, 14 COPD, 15 or chest wall disorders, 16 or after weaning from prolonged IMV. [17] [18] [19] Compared with the complex and expensive community care requirements for domiciliary tracheostomy ventilation, the relative simplicity of NIV may enable more patients to be discharged home. In our series, 41% of all patients were discharged on nocturnal NIV, of whom 93% ultimately achieved discharge home. Long-term NIV was also associated with improved survival compared with other modes of ventilation on discharge. Although we recognize and emphasize the retrospective nature of these data that are uncontrolled for case-mix, we believe that NIV is an integral part of successful weaning and post-discharge care for selected patients who have required prolonged IMV.
For patients who have required prolonged IMV, estimating prognosis is a crucial part of clinical decision-making, including weaning unit referral. Such prognostication is challenging 20 in the absence of long-term data. Using 'discharge home' rates as an outcome measure to assess the likely benefit of continued active care has been proposed. 10 21 In the recent meta-analysis, only 22% of patients transferred for weaning achieved discharge home, 10 suggesting that continuation of active care, including transfer for weaning, may be inappropriate for some patients. In our series, 49% of patients were discharged direct to their own home, and an additional 33% achieved discharge home after a period of rehabilitation or other institutional care elsewhere. The weaning unit is only part of the continuum of care for patients who have required prolonged IMV. Underestimating final discharge home rates could lead to unnecessarily pessimistic decision-making within ICU. However, our results show that caution is also required when interpreting published unit survival rates. Unit mortality was 9% for patients transferred to our service. However, transfer back to the ICU is sometimes necessary. In our series, an additional 5% of patients did not achieve discharge home after requiring transfer back to ICU. Median survival was <1 month in this group. Combining these two groups (14%) is a more realistic reflection of the total mortality in our series and reflects the frailty of the patient cohort, but still compares favourably with the 29% mortality rate described via meta-analysis. 10 Nevertheless, our data show the importance of quantifying overall hospital survival rather than weaning unit survival alone. The use of existing studies to compare different care models is limited by differing referral patterns, difficulties in adjusting for co-morbidity and case-mix, and retrospective data collection. However, it is still informative to consider our results alongside those of the recent meta-analysis. 10 Increasing age and co-morbidity are associated with a worse prognosis, 22 and our population was slightly younger [61 (50-71) vs 64 (63-66) yr]. However, the meta-analysis excluded patients with chronic, progressive neuromuscular conditions on the grounds of expected poorer prognosis. We included all patients with neuromuscular conditions, including those with progressive conditions such as motor neurone disease. 23 Our data show that patients with progressive neuromuscular conditions can benefit from transfer to a specialized weaning unit; although weaning rates were lower than for other diagnostic groups, discharge home rates and long-term survival were similar. Throughout the last two decades, advances in ICU care may have impacted on weaning unit referral patterns. Assessed in 5 yr cohorts, patients with NMD and COPD were consistently the most common reasons for referral. Over time, fewer patients with chest wall disorders, such as scoliosis, were referred for weaning, reflecting improved respiratory surveillance and use of long-term NIV. 24 In contrast, transfers after postsurgical problems have increased, consistent with improved ICU survival after complex surgery, but at the expense of increasing chronic critical illness. 25 We found no change in overall weaning rates, weaning unit length of stay, or survival when assessed in 5 yr cohorts. However, between 1992 and 2011 the median duration of prior ICU care for patients in our series has almost doubled to 41 days. Although this may reflect increasing patient complexity and bed availability issues, it could represent missed opportunities for earlier transfer. We hope that the patient-level data provided in this series will help intensivists to identify patients who are most likely to benefit from early referral to a specialized weaning service, although we conclude that further studies are required to clarify the optimal timing for transfer. In the UK, this is especially important for those with COPD, in whom prognostic pessimism often limits intubation rates. 26 Our weaning rate for patients with COPD was higher than that for all the other main diagnostic groups. Timely identification and transfer of such patients could also increase ICU bed availability and reduce costs.
In conclusion, we show that a multidisciplinary approach by a specialized weaning unit can provide a successful service model for patients who require liberation from prolonged IMV. In contrast to the results from other service models, we show that most patients transferred to our unit achieved discharge home, often with the continued use of nocturnal NIV. Median survival exceeded 2 yr, and more than a quarter of our patients survived longer than 5 yr.
